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Holes Depletion Zone Electrons

A ANA
Type = = "*
=2 tll- P-Typc N-Type -=
A A D .1»
Depletion Zone
No current flows
across this junction

Battery

Current flows
across this junction

I

Battery
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When current flows
across a diode, negative
electrons move one way
and positive holes move
the other way,

CONTINUE >

The holes exist at a
lower energy level than
the free electrons, so
when a free electron
falls it loses energy.

This energy Is emitted in
the form of a light photon.
The size of the electron's
"fall” determines the

" energy level of the
photon, which determines
its color. A bigger fall
produces a photon with a
higher energy level and
therefore a higher light
frequency.

CONTINUE >

CONTINUE >




Red + Green + Blue LEDs

Red Peak

Blue Peak

L] ] ) L]
470 525 590 630 (om)

* Dynamic color tuning
» Excellent color rendering
= Large color gamut
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LED b i 355 g3

UV LED + RGB Phosphor

phosphors
» Excellent color rendering
» Simple to create white

Blue LED + Yellow Phosphor

470 525 590 630 (am)

* Simple to create white
* Good color rendering
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Power Conversion for “White” Light Sources

Incandescent! Fluorescent? Metal

: LED
(60W) (Typical linear cw)|  Halide#

Visible Light 8 % 21% 27 % 15-25 %

Infrared 73% 37 % 17 % ~0%

Ultraviolet 0% 0% 19% 0%

Total Radiant

81% 58 % 63 % 15-25%
Energy

Heat - : -
(Conduction + ' 42 % 37% 75-85 %
Convection)

Total 100 %

T IESNA Lighting Handbook — 9" Ed.

 Osram Sylvania
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[1luminator

Solder Connection

Silicon Sub-mount Chip
with ESD Protection



Commrticnal Mevs Halide

Bemer

TO-20CRI
T b Cooatt Tri. Phosphor Fluorescont

Bear

8050

Warm Metal Hatide

Thack Coat Tri-Phospher Flucrescont
G000

High CRI Fhuorescems

Incandescerst and Turgsmen-Halogen
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m —— Nichia NSPW500 ISE ‘ i
' —— Luxeon Emitter white 1W Cyan
—— Osram PowerTOPLED LW E67C] —— Green
08 —— Tridonic powerLED 41 T Amber
——Red-Orange |
= ——Red
s, 0,6 =1
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450 500 550 600 650 700

550 600
wavelength [nm]

400 750

wavelength [nm]
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ST —Composition: CRI = 92, CCT = 5280K
—— white LED only: CRI = 74, CCT = 5750K

cyan LED only -

red LED only

1.0

0,8

Intensity [a.u.]
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400 450 500 560 600 650 700 750
wavelength [nm]
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) cylovt
SIP QW)
~100 Lumens / Watt ~6% L.0SS ~25% Loss
LED Control Thermal

~44 Lumens /
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Overview of systems composed of LED modules and control gear

Supply

voltage:

LED Gear LED module
' L.
amp cap Gear and LED module: one unit
Built-in | »
- Integral roelf-ballasted LED lamp
K ‘ Independent |
\ "y
\ 1 P - -»{ Built-in
. . Connection
Gear without LED‘s LED module _> Integral
= §»| independent

“Electronic Control Gear for

LED modules”
" Built-in
e -
- )
_’ Gear + LEDs - ’ Integral ‘

-

— .
“_ Independent |

“Self- ballasted LED module”



,Iﬁabwﬁ@)ébl&LED

Bond Wire
Die Attach '®  Molding Compound
Leads

LED 48 9oy <o o

L 4 2

/ Solder Pads

/
4

L]
. \ ., l Solder
Dielectric Heat Sink

Aluminium Plate

i, o

Internal Thermal Resistance Application Specific
Thermal Resistance
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200% -
., E Typical Application
“*.. Red Armber : Temperatures
I A
150% — ~ :

- .. : Blue Green White

Relative Light Output

100%
25°C Rating 5 N e Useful Life of High Brightness White LEDs
_ Temperature E e - at Different Operating Temperatures
50% | : ] 100% [ [ T[]
; - T T S5l =63°C
' = 900/ \ junction
L ' o (1] g 1 I
o e e e 8 T s N
-40 -20 0 20 40 60 80 100 120 S 80% -—‘ funetn . .
JunctionTemperatureT (C) % 70%
~ 60%
50%

1000 100000

Source: Lighting Research Center



S ooy g Yo 05 8 590 40 45 axil
Sbod




9 by LED




abggﬁg@)é‘)

U Sy Lt s feim CuGan | Palw Cumes [ S G Qs
Faw Lo Dagriay
iy Phane gk P
[ _ drger e
¥ o e L
P J/ “:'\

Hosoetsl (ot Thoogn Wiapeal gt

b

L

Lair

B

e |

|
T
T

a8

| S
* UmMmnleed BN Howraawk [ Wedrdldrghe E35

 GalF b e

—

Syt etings e Dbt |

d Report H \E \g ’i

i

i
:
|

kR

i
b

=
£

Ll | B

E?

BERNE

e
T UhesonenCede S0 ot

™ Sal Pl Eubrly

4
-
Q
(=9

Re

Road

T

Tarpd Faband

Tirphabi | pabas wshoies Fr |
Ve Lo ‘adee Coion




Jedl> oy gy 31, B LED

' 'll - ]
Den: o |

4/23/2004
3:10pm




S5 (599 Qe

2 ol oDl go




;& pte,

-
aa
—
5
-
S

. I.ﬁ ..‘_.i.h u_u—. _um.i
“ﬁ ﬂ?..ﬂ A Eis ._uwm_.

\ o ﬂ?ﬁ:ﬁE

<
Kﬂ)éwuﬂé;)"

S il

S yw S




Sl oy gt 31, BLED

S oW 593 9 9 (VW (w9




IS

Sl oy gt 31, BLED
<

s LED g 49

G

&
J“

f

o W




> ooy 391, R LED

91°F--106°F

gredn -y 'E! ~ bluetand dark blue

A

107°F--113°F >113°F

pink and violet hot red
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Most Cost
Effective

* *
Low Efficiency Gain High Efficiency Gain ) ” I ED

¢ ol oyl 55

SINOH Buu|0 ybiH

sinoy Bunesadp ybiH

Residential Lamp
Replacement

sinoH Bunesadg moT
sinoH Bunesadp moT

Least Cost
Effective

Low Efficiency Gain High Efficiency Gain




